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Empirical analysis of extreme climate events and
its impact on climate yield of rice:
A case study of Hubei Province

GAO Xue'?, LI Gucheng'?* . YIN Chaojing'?
(1. College of Economics & Management, Huazhong Agricultural University, Wuhan 430070, China;
2. Hubei Rural Development Research Center, Wuhan 430070, China)

Abstract Extreme weather was assessed based on the daily data of temperature and precipitation from 1980 to 2014
in Hubei Province. The effects of extreme climatic factors on climate yield of rice were analyzed. The main conclusions
were as follows: 1) Extreme precipitation and the days of precipitation showed an decreased trend, and extreme
precipitation showed clear spatial decreasing distributions from east to west and from south to north; 2) Extreme high
temperature showed an increasing trend, which mainly reflected in the increasing of both the number of days and
intensity of extreme high temperature. The extreme high temperature events are easy to occur in the north and west of
Hubei Province;3) The impacts of extreme climate indicators on rice yield were negatively correlated. Among them, the
minimum temperature increase of 1% would make the climate yield of rice decreased by 0. 197% . The number of
extreme high temperature days also inhibited the rice climatic yield, and the increase in the number of 1% would
decrease the yield of rice by 0. 046% . In conclusion, the climate monitoring should be strengthened to prevent the
damages of extreme weather events on rice growth in Hubei Province.
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Table 1 Name and its interpretation of the extreme climate index
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Fig.1 Trends of extreme precipitation indexes in Hubei Province from 1980 to 2014
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Fig.2 Trends of extreme temperature indexes in Hubei Province from 1980 to 2014
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Table 2 Correlation coefficients between rice climate yield and extreme climatic factors in Hubei
Ry; Ry SDII R TNN TNy TXX TNy, TXyo
0.005 4 0.032 3 0.001 1 —0.0330 0.003 8 0.078 2 —0.012 4 0.011 9 —0.176 1~

TE X R ZESCHRE IR 15« fRFTAE 102019 B3 KT,

Note: English abbreviations can be found in Table 1; * represents significant level at 10%.
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Table 3 Descriptive statistics of variables

S 44 TR ¥iE i 22 PN E /M

Variable name Mean Std. Dev Maximum  Minimum
IKFER M= 8/ TT t 0.14 3.07 9.86 —11.19
=10 CHIR/C 1961.12 548. 69 8 088. 50 19.76
TR >18 CRKE/d 176. 26 13.16 200. 00 133. 00
A K ] SR K B /mm 728. 25 201,15 1 349. 80 172. 51
AR AR AR /ME /C 7.83 6.43 31.5 0. 90
P IR AR i 2 i R/ d 51.32 40. 43 193. 00 00. 00
R K 58 & / (mm/d) 15.70 3.26 28. 48 8.35
S B4R o i 51. 60 4. 85 92. 30 41. 30
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Table 4 Correlation coefficients between rice climate yield and climatic factors in Hubei

AT, D, TP TNN TX0 SDII ARH

0.013 4 0.110 9 —0.140 47 0.003 8 0.011 97 0.001 1 —0.223 97

TE: AT R >10 CRURL. C 3Dy RP3>18 CREL.d; TP R A& KW FEK & mm; ARH - 24 %f
MR, x ARURAE 10 %010 KT,

Note: AT10 ,>>10 C accumulated temperature, ‘C ;D; ,days of average temperature >>18 °C ,d; TP, total

precipitation during growth period, mm; ARH, average relative humidity. * represents significant

level at 10%.
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Table 5 Model estimation results of effects of climate

change on rice climate change in Hubei

i T A% 4t 2 i 2 P1{H

Explanatory variable Coefficient Std. Dev P value
R >18 CRE/d 0.110" 0. 027 0. 000
A K SRR K i /mm —0.024° 0. 001 0. 049
BARS E B /ME/C —0.197" 0.093 0. 036
P R AW iy 5 T R 4L/ d —0.046" 0.027 0.093
S 2R ) —0.098" 0. 050 0.051
>10 CHM/C —0.000 2 0. 000 4 0. 641
W% 7K 8% & / (mm/d) 0. 034 0.078 0. 660
B A —7.491 6.091 0. 194
FEARA 182
4N R 0.144

TE oo Lo L SR ARIRAE 100,520 1026 1 it K F-

Note; %% , ** and * represent significant levels at 1% 5% and 10% , respectively.



160 O A K R it

2017 4F 58 22 %

EYEERE 3 I N W 7S 0 B = & A
= mAE R R . A AR >18 C
() RBGE LT 1% 7K 1) 58 35 M K 56 8 6 K R 38
FEHA E RS . KR K T 3 A R
S3 BB T 506 10 Y6 2K ST 11 fab 2 G 6 s X K R
RpE A U B, 10 C BRI WA i
P H R % T DR AT RE SR L T b R A K 0 A R A
Refgih e HAERK R BWE B AR ZHYHT. 7
FoA AN 1 DL T o W g A 48 b B AT B 1) 4
FH s SR IR 1O W /DN g 186 00 1 00 4 25 (K R 7= it
REAIR 0. 197 %6 o 11 R AR dify e Tk K HUOxT 7K R A0 A0 7 da
W B VR L LA 100 25 K RS 7 i B
fIR0. 046 %6 . R 7K 3 B2 A Sy — AN W i /A 48 A » FL X
KRR 7= 1 R AN d 3, b ) D P T S L i)
648 W A AR 2 KRR 2 I BB It HE B
REJJHCOR o 2 AE ZE Ab X AK RR A 7 ik A A Y
M) o 385 J3E 1 1 FH B S 5 R K 2 G Al 1 —
S 30 F B A ) A v {1 JS  JHC B T 1] 4R TR 2 e 4
JSLI AR VE FH o T A7 T8 5 e DO 2 o o RS R R O
i X 7K R 7= Sk 1 £ TR R

3.5 it

A B 5 A I AR i A 7K A i TR 2R AR R AR
fige 7= W S Al L L 2 88T ) b A i R R ) B s
A IF SRS BT T A B A PR R 6 KRS A 7
IREm , FEEE .

1) T8 A W i B8 Kt R R K R B30 T B L IR
i i e 7K B T I Bl AR T A s B K L H R K
SRR LT R R R, Ao
Weg K A H 2R 1) PG e R 1) b D T s e, H R SRR
A6 SR ZR i St A it A K SR A AR L DX R g
KB e 2 AW ) R A

2) WAL IR] | 11 IR A i e U 1 B A R B £, B
e SR A e (B T e A R R A B T
SR SR P S A A A i e il S R SR P b X
ISP PN RO R Y E AR AR T =R PN

3) i PR 2R % 1 AL 7K A A 7 i s e AR R
[F. ~F¥RE=>18 “C /Y R ET K F 3 = HA7 1E 1)
SR s W o S S AR A R B R A, Horh R AR
TR R A /N B 8 0 1 06 44 2 fo KR ) A 7 e AT
0.197%,

Xt T AV A S R R G A A
A7 SR TS TS R R A B R s R A )
Ay B[] — 48 153 A T) il IXC 68 A3 S A T A A6 25 5%
PRI I 1F 5 28— X ) A0 i R <A A B LA X
AT 5T LA AL 2 D 9] 9 BT S A2 B+ 50 AR M IX ) A i
Wik 7 R A AL ) AR Ry X — E5 1R 5 A BFSE AL :
TS L WU AR e R R i A K s fE A A
DX 5 B6 452 i L SR AR R 95 00 2 5 B K B K
(B0 A DX A0 i e 7 55 A A AR o R g 3k JBE 26 4
i L TR A 32 2 DA T AL PR L T AT ST B )
K BRI e R X — 2598 15 SRR e 45
LA BT 225 .

IR » 27 A J 38 38 DA A 1 o R A 22 2 T g
3 A M A= 7 8 G 55 e AR BIF 5 S TR &4 2R 5% 1)
e s A S K R AR B R R . R E L T R R
SEUHRBIESE R B 2003 AR 1AL A A T R A R IR
AT - TR | W TR N N N N TR
B I s e R RO AR A B ELA = )
WX — 2518

e iy R A 00 S i X S ) A A i A s
I ¥ 9 B DX A IR AR T P A% XA 3R >
A S AN DL - AT e 7 5 R K R A 7 ) 32
A A DR 2R ) A 50 2 I S AR R o o X A i
ek 7 2 6 M 000 0 i 8 I R S T A iR A A
L R S B0 M . R R SR RS R S Ao B
P4 =2 B 5 58 38 A% R Al B e o i A ] b 8 B
A2 1 AP N A A A B 3 Y BE )

e 3 A 8 A 4 2 IR LA — AU R L X
G A7 e — L8358 T - A BE 7T 0 B0z i) b 4 B i Aok
FR I 25 AR AR B0 o R i A X 7 i 5 W) ) S IE i
i rf L BRURNTBE 3 B AU DLA B R AR 0 i
B S A A AN B R

S Z 3Lk References

[1] Frich P, Alexander L V, Della-Marta P, Gleason B, Haylock
M,Klein Tank A M G,Peterson T. Observed coherent changes
in climatic extremes during the second half of the twentieth
century[ J]. Climate Research ,2002,19(3):193-212

[2] Alexander I V,Zhang X, Peterson T C, Caesar J, Gleason B,
Klein Tank A M G, Haylock M, Collins D, Trewin B,
Rahinzadeh F, Tagipour A, Rupa Kumar K, Revadekar J,



55 1R 5 A A A A A R X KA A

=5y

H 5

M B S E 7 A7 —— LA b 4 S 441 161

(3]

[4]

(5]

L6]

(7]

(8]

9]

[10]

Griffiths G, Vincent L, Stephenson D B, Burn J, Aguilar E,
Brunet M, Taylor M, New M, Zhai P, Rusticucci M, Vazquez-
Aguirre ] L. Global observed changes in daily climate extremes
of temperature and precipitation[ J]. Journal of Geophysical
Research : Atmosphere,2012,111(D5) ;:1042-1063

Rahinzadeh F, Asgari A, Fattahi E. Variability of extreme
temperature and precipitation in Iran during recent decades[ ] ].
International Journal of Climatology,2009,29(3):329-343
AT AR R, ARk A 19512011 4R 1L 7Y 48 M ol AOTR A8 A R
ARHERTFEL] ] TR X PTR S 3R 35, 2014, 28(4) - 73-78

Niu X, Yan J X, Li H J. Characterization of general changes
patterns of extreme temperature from 1951 to 2011 in Shanxi
Province, China [ J ]. Journal of Arid Land Resources and
Environment ,2014,28(4) :73-78 (in Chinese)

BEE KRB E. V6 F R K S H b R
R[], T 5B IR S PR3 . 2010,.24(10) :55-60

LiJ C,Liu Y, Zhang C X. Variation in spring temperature,
precipitation and their extreme events in Shanxi Province[ ] ].
Journal of Arid Land Resources and Environment , 2010, 24
(10) :55-60 (in Chinese)

BRI S AE 2T, 1961—2013 45 111 7 45 A 3 A< A5 1 i 2 3 A
FRAELT]. YRR .2015,37(10) :2086-2098

Cao Y W, Yan ] P. Temporal and spatial analysis of extreme
climatic events in Shanxi Province from 1961 to 2013 []].
Resources Science ,2015,37(10) :2086-2098 (in Chinese)
R AR R R N TR AR LD AL daR
19572012 4Ffe s UM A2 AR ], b I U0 8, 2014, 34 (3) : 814-
826

Gao Y, Feng Q. Li Z S, Wang Y, Song Z Y, Zhang H. The
variation of climate extremes in the Taolaihe River Basin in the
Qilian Mountains of China during 1957 —2012[]]. Journal of
Desert Research ,2014,34(3) :814-826 (in Chinese)

EVEE M. B BEE IR B R WL 19612013 4E AR AL =
A W s A S I S AR R BB A L) ] BRI A4, 2015, 37(12)
2501-2513

Li Y,Wang Y H,Lv X M,Ye Y C.Ji Y H. Spatial distribution
and temporal change in extreme weather events in three
provinces in Northeast China[]J]. Resources Science, 2015, 37
(12):2501-2513 (in Chinese)

ZEAE RIIAL BN R E e, E A, EBL 19622011 4K
T EN A S Rk K ) R AR RRAE [T ], AR 52 24 7. 2013, 32(8)
2154-2162

Li F, Zhang M J, Li X F, Wang B L, Wang S J, Wang Q.
Variation characteristics of different-level
Ningxia of Southwest in 1962 — 2011[]]. Chinese Journal of
Ecology .2013,32(8) :2154-2162 (in Chinese)

RARLL, TR R R, 447, EI0, Ak, 3T 10 4R AL
SRR K I 25 3 A AR S R R AR [T ). BT K E 2013
(2):113-119

Wu C H, Wang X L, Long L M, Niu B, Wang S S,Li Y E.

precipitation in

Spatial and temporal characteristics of severe precipitation in

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Hubei Province during the past 10 years and main weather
conceptual model[]]. Torrential Rain and Disasters,2013, 32
(2):113-119 (in Chinese)

FEoK AL AL 14 %, 0T R B AN AL T 49 4R W1 AL 4
TR IR B XA R R g ST LT ] K5, 2012(9) : 1145+
1149

Ren Y J.DuL M,Xiao Y,Wan S Q.Sun S L. The extreme high
temperature events and contribution to regional warming in
recent 49 years in Hubei Province [ ] ]. Meteorological
Monthly ,2012(9) :1145-1149 (in Chinese)

JBUA K FVBOR Bk, T8I A /T B2 R
T ORI LA = m A SR EILT]. th ER R
f6£,2015(4) ;497-505

Gu Z J,Bai Z W,Duan X W.Ding ] H,Feng D T, Shuai X N,
Han X. Quantitative effects of environmental factors on
climatic yield in the mountainous area: A case study in Yunnan
Province[ ] ]. Chinese Journal of Agrometeorology ,2015(4)
497-505 (in Chinese)

20 R RUA L R AR L RS AR b Ml DX R R S AR A B
X S4B A A i SR A3 A LT . P B Rl B, 2014, 35 (4)
423-428

Li H,Yao F M,Zhang ] H,Hao C. Analysis on climatic maize
yield and its sensitivity to climate change in Northeast China
[1]. Chinese Journal of Agrometeorology >2014,35(4) ;423
428 (in Chinese)

KB, EEE P LREZ B0, ABERFN T EAR X
B B R A R (RS O A AT L) . P AL AR ARRL B R A
M HRBL2E /R .2011(6) :89-95

Zhu Y Y,Wang L. X,Li Q,Song Y Z,Li J P. Influence of cl
imatic factors on meteorological yield of potato in different
regions of Ningxia [ J]. Journal of Northwest A & F
Univerity : Natural Science Edition, 2011 (6): 89-95 (in
Chinese)

TREAR IR SR T A AR Al T N K A R Y 5 )
(0. WP B2, 2013,41(6) :599-606

Su X F,Li F,Zhang Y J. Impact of climate change to corn yield
in Xinzhou City[]]. Journal of Shanxi Agricultural Science ,
2013,41(6):599-606 (in Chinese)

A, B IR R — L R, g vk, s B A B A AR IR =
DX ] B PPN AL AL X AR 7 i [T ], B AR IR AR
2015(3) :470-479

Wei X, Wang P,Zhang C,Chen Y,Song X,Shuai J B,Shi P B,
Tao F L, Assessing the impact of climate change on crop yield
based on three-interval temperature theory: A case study of
maize in Heilongjiang Province (1960-2009) [J]. Jouwrnal of
Natural Resources,2015(3) :470-479 (in Chinese)

N DS K SN B B T = DR i e[ R < P RES = & R
WroE ], SR 9% . 2009,28(4) :357-361

Guo G F,Zhou Y H,Shi R Q,Li L, Wan J. Study on index of
heavy rain flood disaster grade in Hubei Province [ ] ].

Torrential Rain and Disasters, 2009, 28 (4). 357-361 (in



162

hoE kR R R R

2017 4F 58 22 %

(18]

[19]

[20]

Chinese)

S E VR S BR8P X Y G A W A A R
LI AR R 2 244, 2014, 19(2) - 207-215

Wu S S,Wang H Q, Huang C T. Influence of climate change on
double-harvest rice yield in Jiangxi Province[ J]. Journal of
China Agricultural University, 2014, 19 (2): 207-215 (in
Chinese)

BE R R b ER R TE 0 A B AR AELT ). AR %
H2.2011,31(22) :6659-6668

Duan J Q,Zhou G S. Potential distribution of rice in china and
its climate characteristics[J]. Acta Ecologica Sinica ,2011,31
(22):6659-6668 (in Chinese)

FHLLVRLL R IR SR FY. 19602005 4F (< YT H T i A S
Rk 18 BUB AL RFIE 23 BT[] . R B4, 2008(4) : 384-388

Wang J,Jiang Z H, Yan M L, Zhang J L. Trends of extreme

precipitation indices in the mid-lower Yangtze River valley of

[21]

[22]

China during 1960 to 2005[J]. Scientia Meteorologica Snica ,
2008(4) :384-388 (in Chinese)

T BEET . IE 53 AF VL I U SO TR A it B K AR AL R AR LT . R
4£,2015(9):1126-1133

Yang W, Cheng Z. Variation characteristics of extreme
precipitation during meiyu flood period over Yangtze-Huaihe
Basin in recent 53 years[ ] ]. Meteorological Monthly 2015(9) ;
1126-1133 (in Chinese)

TTRE L WRR XIS, A A, R, B Rm e ABEAERT
WAL A8 KR e R B s Ar A LT DL o B ARl 4. 2009, 30
(S2):316-319

Wan S Q. Chen C. Liu Z X.Zhou Y H.Deng H,Gao S H.
Space-time distribution of heat injury on rice in Hubei Province

under climate change[ J]. Chinese Journal of Agrometeorology ,

2009,30(S2) :316-319 (in Chinese)

WAL G B R



